Abstract -The study focused on application of spectral permittivity technique subjected to high frequency range of 8.2 -12.1 GHz at the temperature of 25°C to identify animal fats from vegetable oils. Analysis of Variance (ANOVA) technique was used as a statistical data analysis to determine whether the samples are statistically distinctive. Principal Component Analysis (PCA) was used to classify animal fats and vegetable oils on their permittivity spectral. ANOVA analysis results showed that there is a significant difference between animal fats and vegetable oils with respect to their spectral permittivity at different frequencies. PCA classification plots showed that vegetable oil could be grouped into different clusters from the animal fats. From the results obtained in this study, spectral permittivity technique could be used to distinguish animal fats and vegetable oils.
INTRODUCTION
Human kind has consumed oil as a food product throughout the years for many purposes such as baking, frying and for preparation of confectioneries, flavorings, salad dressing and many more [1] [2] . Two major sources for edible oil are derived from plant and animal. According to the data obtained from IHS Inc., vegetable oil such as palm, soybean, canola, and sunflower takes up more than half of the world consumption of edible fats and oil in 2015 [3] . Compared to animal fats, vegetable oils are considered to be relatively high-priced lipids [4] . Thus, vegetable oils are prone to food fraud, whether in the form of substitution, addition, tampering or misrepresentation of food, food ingredients or packaging [5] . According to [6] , edible oils have been recognized as the most ingredient related to food fraud for economic reasons. According to [7] , animal fats can be incorporated with vegetable oils and processed into solid shortenings. Generally, two great concerns involving food fraud in animal and plant derived oil are the requirement to consume vegetarian diet in certain religions such as Hindu and Buddhist [8] and health issues, from allergies to coronary heart diseases [9] .
In the previous years, numbers of techniques have been applied to distinguish animal fat from vegetable oil.
Most of the work related to distinguishing animal fat from vegetable oil used the thermoanalytical technique, differential scanning calorimetry (DSC) like an investigation on detection of animal fat like lard, beef tallow and chicken fat contamination in sunflower oil was done by using DSC [10] . Liquid chromatography method was used to distinguish lard in vegetable oil like palm oil, palm kernel oil and canola oil [11] . Some other works used DSC technique combined with chromatography technique. Examples include; the combination with gas chromatography-flame ionization detector (GC-FID) to discriminate vegetable oil (rapeseed, soybean and sunflower) and animal fats (lard, goat fat and beef fat) [12] , the combination with high performance liquid chromatography (HPLC) and gas chromatography-flame ionization detector (GC-FID) to monitor the presence of animal fat like lard, chicken fat and beef tallow as adulterants in palm olein [13] and in canola oil [14] . Other than that, electronic nose technique was also used in the detection of lard adulteration in palm olein [15] .
The works discussed above were some of the techniques that used the chemical properties of fats and oils to distinguish animal fat from vegetable oils. Some recent works focus to study the electrical properties of oils and fat to distinguish animal fat from vegetable oil. A conductance measurement of animal fat like lard, beef tallow, chicken fat and goat tallow and vegetable oil like palm oil was conducted in [16] and an impedance spectroscopy technique was used in differentiating beef tallow and lard [17] . Dielectric spectroscopy was used in the differentiation of lard from other animal fats like chicken fat, beef tallow and mutton tallow [18] , to study the properties of fatty acids and vegetable oil such as sesame, soybean, olive, safflower, corn, sunflower and canola [19] and also to discriminate olive oil that is adulterated with several vegetable oil [20] . While there are limited works in this area, most of these works utilized low to radio frequency region (i.e. sub-GHz). In this region, the fat and oil molecules is found to achieve equilibrium with the electric field at low frequencies, which lead to constant plateau dielectric permittivity profile [19] .
In this paper, spectral permittivity technique at microwave frequency region is developed as a method to distinguish animal fat from vegetable oil. Relative standard deviation (RSD) is used as a mean to characterizing measurement variability, accuracy and method reliability. Analysis of variance (ANOVA) was implemented for statistical analysis to discriminate animal fats to vegetable oil. Principal component analysis (PCA) was implemented to the data for statistical modeling to cluster different groups of animal fats and vegetable oil.
The paper is organized as follows. Section 2 explains the materials, experimental methodology, relative standard deviation analysis and statistical analysis used in this work. Results are discussed in Section 3 and finally conclusion is presented in Section 4.
II. MATERIALS AND METHOD
In this section, materials, experimental methodology and statistical analysis method employed in the proposed technique will be discussed.
A. Sample Preparation
In this work, three animal fats and two vegetable oils were investigated. Adipose tissues of beef, chicken, and mutton were collected from local market and rendered according to the method proposed by [21] . The beef tallow, mutton tallow and chicken fat were then extracted from the tissues by rendering at 90-100°C for 2 hours. The oil is collected and filtered through triple folded muslin cloth and a bed of anhydrous sodium sulphate to remove residual moisture. It is filtered again through Whatman filter paper No. 2 before being stored at -20°C. Hexane is used as a solvent to dilute and retain all of the samples in liquid form at room temperature (25°C). 10 different concentrations of fats and oils in hexane were prepared ranging from 25000 ppm up to 250000 parts per million (ppm).
B. Sample Measurement
Dielectric measurements of fats and oils samples were obtained using an open-ended probe (85070B Dielectric probe kit) that was connected to a Network Analyzer (PNA-L N5230A) for control and data logging as been used in [22] . The measurement was obtained at 40 discrete frequencies ranging from 8.2 to 12.1 GHz. Water is used as the calibration fluid before measurement of the samples was taken. Dielectric measurement of the samples was taken at 25°C. The sample was measured by submerging the probe into a beaker that contains 8ml of the sample and the measurements were saved after the third sweeps. The measurement is taken in duplicates. The average of the duplicates is calculated and taken for comparison with other fat and oil analysis. Before measuring the sample, the open ended probe is made sure to be clean. The experiment is to be repeated for all fat and oil samples and the probe is to be cleaned after each measurement.
C. Relative Standard Deviation (RSD)
Relative standard deviation is one of the approaches for characterizing measurement variability and generally measured in percentage [23] . The RSD measures the spread of results compared to its mean in a sampled population by calculating the ratio between standard deviation over its mean. A low percentage means that the spread of results is small and vice versa. RSD has been widely used as compared to the standard deviation measure in many applications due to its merit in facilitating scaled dimensionless comparison of variation in variables having different units of measurement and average values [24] [25] . The average and standard deviations were also calculated. Minitab was used to calculate the means and standard deviation.
D. Statistical Analysis using ANOVA and two sample t-test
Minitab is used to carry out analysis of variance (ANOVA) and two-sample t-test. While, PCA classification on the data is done by using MATLAB toolbox. The effect of frequency on permittivity spectral were determined and the significance difference was defined at p < 0.05 [26] .
One-way ANOVA was performed on the measurements to find any significance difference between different groups of samples. In this study, the groups of samples are referring to beef tallow, chicken fat, mutton tallow, palm oil and soybean oil. Two-sample t-test was used to investigate the significance difference between animal fats and vegetable oil.
Data analysis technique of PCA is used to group and classify the permittivity data. PCA is an unsupervised pattern recognition technique used in multivariate analysis [27] . In this study, the parameters of frequency create multivariate of 40 variables. PCA projects the original data in reduced dimensions that is defined by the principal components (PCs). PCA has been well known for its capability to identify patterns in data and express the data in such a way as to emphasize their similarities and differences [27] . Fig. 2 . RSD for all sample. Figure 2 shows the tabulation of RSD for all sample groups. It is observed that maximum RSD value is around 5.3%, lower than the accepted limit of 15% as established by the United State FDA [28] . Hence, it can be concluded that the dielectric measured for the entire sample groups have small spread and have high precision to proceed with other statistical analysis. The RSD also provides us with information that this method gives high reliability in experimental repetition.
III. RESULTS AND DISCUSSIONS

A. Relative Standard Deviation (RSD)
B.
Dielectric values Fig. 3 . Dielectric profiles of beef tallow, chicken fat, mutton tallow, palm oil and soy bean oil at concentration of 75,000 ppm. Figure 3 shows the dielectric values for samples of beef tallow, chicken fat, lard, palm oil and soybean oil at concentration of 75,000 ppm measured at microwave frequency range of 8.2 -12.1 GHz at 25°C. From the results obtained, it is observed that the patterns for all of the samples are that the dielectric constant of the samples decreases as the frequency increases. The same behavior was also observed in [19] and this is because at low frequency, the dipoles in the samples are able to follow the variations of the applied field, while at a very high frequency the dipoles are unable to follow the rapid field reversal leading to higher and lower dielectric constant, respectively [29] . Figure 4 show the dielectric profile of beef tallow across the frequency measured at different concentrations. It can be observed that higher concentration of the fat results in higher dielectric value. This is caused by the higher fat content and lower hexane content as the concentration goes higher. The dielectric constant of hexane is said to be around 1.89 at 25°C [30] , while beef tallow was recorded to have dielectric constant around 2.4 [31] . Low beef tallow concentration means that there is higher hexane volume than beef tallow in the sample, thus resulting in the dielectric value to be closer to hexane's dielectric value. As the concentration gets higher, the fat content increases, thus the dielectric value would reach closer to the pure beef tallow dielectric value.
The result for ANOVA shows that the analysis gives a very low p-value, 1.26 x 10 -31 , proving that at least one of the groups has significant difference from others. The result from two-sample t-test gives a p-value of 0.002, lower than the defined significance level, shows that there is significant difference between animal fat and vegetable oil.
C.
Statistical Analysis using PCA Figure 5 demonstrate the score plot of PCA for beef tallow, chicken fat, mutton tallow, palm oil and soybean oil describing the projection of samples defined by the first (PC1) and second (PC2) principal components. PC1 accounts for the most variation in dielectric spectra, while PC2 accounts for the next largest variation. PC1 accounted for 97.97% of the variation, while PC2 contributed 1.13% of the variation, making up of 99.1% for PC1 and PC2. Based from the PCA score plot, it can be observed that animal fats; mutton tallow, chicken fat and beef tallow are well separated from each other, while vegetable oils are clustered close together. Even so, it is observed that chicken and beef cluster is almost close to vegetable oil. By looking through their individual unsaturation composition that have been measured by [32] and [19] , soybean oil, chicken fat, palm oil and beef tallow have a closer and higher unsaturation percentage (71.3%, 59.1%, 50.3% and 42.5% respectively) than mutton that have much lower unsaturation percentage (40.1%). This may suggest that the close similarity in terms of unsaturation percentage contributes to the similar PCA score plot..
IV.
CONCLUSION
This study developed a dielectric spectroscopy technique for lard detection based on high frequency range of 8.2 -12.1 GHz. The dielectric measurements obtained was analysed using three statistical analyses. RSD and ANOVA were used as the means of statistical analysis, while PCA was used as a method to cluster the samples that belong in the same group. The RSD shows that all samples have relatively small variation which is less that 6.8%. ANOVA result shows that there is significance difference between animal fats and vegetable oil. Lastly, PCA shows that the two groups of animal fats and vegetable oil is well separated.
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